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TeopeMa XHHHHHa o CHCTeMax He6binieBa 

H.T. Mom,eBHTHHE 



B 2006 ro^y Gbijih nepeH3,n,aHBi ochobhbic TpyaBi A. 51. Xiihiuhs no Teopnii nnceji [9]. 

BojIBIHHHCTBO H3 HHX nOCBHUieHO TeopHH ^HOCpaHTOBBIX npn6jIH>KeHHii, B HaCTHOCTH, MHoroMep- 
HBIM JXHOCpaHTOBBIM npn6 JIHJKeHHSM . HeCOMHeHHO, HTO OCHOBOnOJiaraiOTIieft B 3TOH o6jiacTH 

aBjiseTcs paGoTa [BJ, ony6jiHKOBaHHaa: b 1926 ro/xy. B Heft b 3apojxBiiue HMeeTca npaKTimecKii 
Bca Teopna jiimeftHBix ojjHopo/XHBrx h HeojxHopo/XHBrx jxnocpaHTOBBrx npnGjiH^KeHnft, pa3BHBaB- 
niaaca BnocjieflCTBHH KaK csmhm Xhhhhhbim, Tax h jjpyrHMH MaTeMaTHKaMH - HanpHMep, 
B. 5IpHHKOM, K. MajiepoM, JI^k. KaccejicoM. O^Haxo MHorne KjiaccHnecKHe pe3yjiBTaTBi 
XnHHiiHa (paBHo KaK h ero nocjie^oBaTejieft) 0Ka3BiBajiHCB 3a6biTBiMH h ^;a>Ke Heo/XHOKpaTHo 
nepe^;oKa3BiBajiHCB ^pyrnMH MaTeMaTHKaMH. 

B HacToameft CTaTte Mbi cpaBHHBaeM opHrHHajiBHBift pe3yjibTaT XnHHHHa 06 sKBHBajieHTHoc- 
th cBoftcTBa MaTpHHBi 6bitb peryjiapHoft h cBoftcTBa MaTpHHBi 6biTb MaTpniieft HeGbinieBa 
(ocHOBHoft pe3yjiBTaT cTaTBH [8j) h ero H3jio>KeHHe b KHHre Kaccejica ",U,HocpaHTOBBi npn6jiH>Ke- 
HHa" [2]. 0Ka3biBaeTCH, hto cpopMyjinpoBKa XnHHHHa h cpopMyjinpoBKa Kaccejica pa3JiHHHBi, 
(NJ ■ xoth h sKBHBajieHTHBi. 3to 6yn;eT o6cy>KflaTbC3 b nyHKTax 1 h 4 HHsce. 

KpoMe Toro, mbi bhochm hchoctb b Bonpoc, KaK cBH3aHBi pe3yjiBTaTBi XnHHHHa o TeopeMax 
nepeHoca ^jih o^Hopo^Hoft h HeojjHopo,n,Hoft sa^an [8J , h cooTBeTCTByionxHe pe3yjiBTaTBi 5IpHHKa 
CN '. [HE]- 06 3tom yjKe HanncaHo b HarneM o63ope (nyHKT 6.2 H3 pT|). TaM c/iejiaH aKiieHT Ha 

to, hto ocHOBHoft pe3yjiBTaT XnHHHHa H3 pa6oTBi |;8] 1948 ro^a cpaKTHHecKH y>Ke HMejica b 
MajioH3BecTHoft paGoTe 5IpHHKa h b ee Gojiee no3iiHeM BapnaHTe [5 J . 3to jjeftcTBHTejiBHo 
TaK, ho, k cojKajieHHio, H3Jio>KeHHe Bonpoca b jl 1 j oKa3ajiocb 3anyTaHHBiM h He Be3^e BepHBiM^l 
B nyHKTe 2 HacTOHineft pa6oTBi mbi ^ocjiobho npHBe/ieM cpopMyjinpoBKH Heo6xojjHMBrx TeopeM 
HpHHKa h cpaBHHM hx c pe3yjiBTaTaMH XnHHHHa. 0Ka3BiBaeTCH, hto cpopMyjinpoBKa 5IpHHKa 
6jiH>Ke k cpopMyjinpoBKe H3 Kaccejica, neM k opHrHHajiBHoft cpopMyjinpoBKe XnHHHHa. 

1. TeopeMa o peryjiapHbix CHCTeinax h CHCTeMax He6biiiieBa: Xhhhhh h Kaccejic. 
IlycTB man cyTB HaTypajiBHbie nncjia. IIojiojkhm d = m + n. Mbi 6yn;eM hmctb ,n;ejio 
c CHCTeMoft H3 n jiHHeftHBix cpopM ot m uejioHHCJieHHBix nepeHMeHHBix. ,TI,jih Beni;ecTBeHHoft 

MaTpHHBi 

( e\ ■■■ df 

\ U n • • • 

paCCMOTpHM COOTBHTCTByiOHi;yiO CHCTeMy JIHHeftHBIX (popM 

TO 

'0/ - 



L j {x) = Lf{x) = ^P j x i , l<j<n. 



1 Pa6oTa no^epjKaHa rpaHTaMH P<J><J>H K s 12-01-00681a h IIpaBHTejiBCTBa Pocchh, npoeKT 11. G34.31.0053. 
2 ,i];aTHpyeMOH 1941 roflOM h H3/i,aHHOH b Ilpare Ha neniCKOM a3biKe 

3 HanpHMep, cjie^CTBiie TeopeMbi 28 (npHHafljiejKameii MpHHKy) 113 nyHKTa 6.2 H3 |11| Ha caMOM ^ejie cjie^yeT 
He H3 3toh TeopeMbi (xax yTBepjK^aeTCH b |11| ) , a h3 /ipyroii TeopeMbi 5IpHHKa ( Veta 6 H3 [4] ) , KOTopaa b |11| 
OKa3ajiacb He npoiiHTHpoBaHHOft. Taicsce TeopeMbi 31 h 32 H3 [11) He SKBHBajieHTHbi /ipyr Apyry, KaK sto 
yTBepjKflaeTCH . 



3^,ecb x = (xi, ...,x m ) - Ha6op H.ejioHHCJieHHBix nepeMeHHBix. Hepe3 Q 6yneM o6o3HaHaTB 
TpaHcnoHHpoBaHHyio MaTpnuy, cooTBeTCTByioinyio TpaHcnoHHpoBaHHyio CHCTeMy jiHHeHHBix 
cpopM 6yn;eM oGosHanaTB 

n 
3=1 

U,ejioHHCjieHHHBiM Ha6opoM nepeMeHHX 6yn,eT 3^ecB y = (yi, y n ). 
Mm 6yneM paccMaTpHBaTB cpyHKHiiH 

ijj(t) =ijj e (t) = min max ||Lj(x) 



1 1 



xeZ m :0<max\xi\<t l<j<n 

V(t) = ^ W (*) = min max ||%(y)||. 

yeZ n :0<max\yi\<t l<i<m 

H3 TeopeMBi MuHKOBCKoro o BBinyKjioM Tejie cjie/iyeT, hto npn t > 1 BbinojiHeHO 

tjj{t)<r^, ty(t)<* - m. 

IIo XnHHHHy "ecAu npu ak>6om e > u ak>6om docmamoHHo 6ojibiuoM t Mozym 6umb 
peiuenu e %ejiux hucaclx Hepaeencmea 

. . 1 . . ri_ , . 

\Lj\ < - 1 < j < n, < max \xi\ < et™, (1) 

t l<i<m 

mo mu H03ueaeM cucmeMy hucca (uau cucmeMy auucuhux $opM, uau cucmeMy ypaeneHuu 
Lj = Cqj cumyAfipHou ". 

TaKHM o6pa30M, MaTpim,a HBjiaeTca cHHryjiapHofi, ecjin fljia jiioGoro e' > npn ^ocTaTOHHo 

GOJIBIIIHX t BBinOJIHeHO 
HJIH 

m 

hmsupt^V^t) = 0. 

t— >oo 

MaTpnuM, He sBjiaromHecH CHHryjiapHBiMH, Ha3BreaioTCH pezyjiapnuMU. HTax, G peryjiapHa, 
ecjin npn HexoTopoM nojiojKHTejibHOM e Hafi^eTca BospacTaiomaa k GecKOHenHocTH nocjieflOBa- 
TejiBHocTB tk Taxaa, hto npn t — tf. cucreMa HepaBeHCTB ([T]) He HMeeT pemeHHfi b u,ejiBix 
HHCjiax, hjih, hto to ace caMoe, 

limsupt « ip{t) > 0. 

t— YOO 

ripHBejj;eM jj,octobho onpe,zi;ejieHHe XiiHHiiHa chctcmbi HeGbinieBa [8]. Xhhhhh nHHieiEl: 
" BydeM na3uearm> cucmeMy uuceA 6* cucmeMou z Ie6umeea, ecAu, kclkobu 6u hu 6uau eev^ecm- 
eenHHUe hucao, ctj (1 < j < n), cyu^ecmeyem manan noAootcumeAbHan nocmoRHHan V , umo 
cucmcMa Hepaeencme 

< ~W (2) 

X n 



4 ^,o6aBHM, hjih MaTpimy O 

5 Mbi CTapaeMCH, no bo3mojkhocth, npHBO,zniTB Tonnbie iniTaTbi; TeM He MeHee, HaM npHxo/niTCH HeMHoro 
H3M6HHTI. o6o3Ha x ieHHa, hto6i>i ohh cooTBGTCTBBajiH Aypr ,n,pyry BCio^iy b HacTOsmeii CTaTte. HanpnMep, b 
opurHHajibHOH pa6oTe XnHHHHa nepe3 Lj oGosHanajiacb jiHHeiiHaa (popMa ot to + 1 ncpcMCHHOii Lj — 
Y^iLi ®) x i ~ Vji H nepaBeHCTBa ^ BbirjiHflejiH cjieflyioniHM o6pa30M: 



UMeem lyzjioHucjiennue pemenuH Xi,yj,l < i < m,l < j < n c kclkum yeodno 6oAt>muM 
maxi<i< m \xi\." 

HTax, no XnHHHHy cncTeMa Ha3MBaeTca cncTeMoft HeGbiineBa, ecjm 

Va 3T Vxo 3 peineHHe CHCTeMM ([2]) c x > xq. (3) 

Ochobhbim pe3yjibTaTOM paGoTM XiiHHiiHa [8] 3Bji3eTca cjie^yioinas: TeopeMa (mm jj;ocjiobho 
npHBO^HM (popMyjinpoBKy XnHHHHa). 

TeopeMa A. (Xhhhhh [8J) PesyA^pnocmb cucmeMu hucca 8* (uau cucmeMU (fiopM Lj, 
uau cucmeMu ypaencHuu Lj = (j^) neAnemcH neo6xoduMUM u docmamoHnuM ycAoeucM 3ah 
mozo, Hmo6u 3ma cucmcua 6uacl cucmeuou ^eBuweea. 

/Iocjiobho npHBe^eM (popMyjinpoBKy cooTBeTCTByromen TeopeMti H3 KHnrn Kaccejica [2J. 
(TeopeMa XIII H3 naparpacpa 7 rjiaBbi V). Jlfla 3Toro npexc^e oTMeTHM, hto onpe^ejieHne 
CHHryjiapHofi h peryjinpHon MaTpnnM y Kaccejica tohho Taxoe ace, k&k h npuBefleimoe Bbirne 
onpe^ejieHHe XnHHHHa. 

TeopeMa B. (Kaccejic [2J) /jAJimoso, umoBu cucmeMa Lj(x) 6ujia pesyAsipna, neo6xoduMo 
u docmamoHHo, umo6u cymecmeoeaAo hucao 5 > 0, manoe, umo Hepaeencmeo 



max ||Lj(x) — <x,|| ) ^max \xi\) < 5 



UMeAO BecKoneuHO mhozo upjiux peiuenuu x 3ah nacmdoso deucmeumeAbHoso a. 

Pojib BejiHHHHbi r H3 onpenejieHnn XnHHHHa y Kaccjieca nrpaeT BejinnHHa 5~ . 

Mm BHflHM, hto no Kaccejicy, SKBHBajieHTHBiM ycjiOBneM perynnpHOCTH cncTeMbi Lj(x) 
(hjih MaTpnnbi G, hto to nee caMoe) HBjineTcn cjienyromee BbiKa3biBaeHne: 

3T Va Va;o 3perneHne cncTeMbi (J2J) c x > xq. (4) 

Heoacn^aHHbiM HaGjnoneHHeM fljia Hac hbjihctch to, hto BBicica3biBaHHH (j3J) h (jlj), Boo6me- 
roBopa, pa3jinnHbie - ohh OTjinnaiOTca nopanicoM KBaHTopoB. Kax ynaT CTynenroB, Taicne 
BBicKa3BiBaHH5i BOBce He o6H3aHbi 6bitb paBHocnjibHbiMH. BbicKa3biBaHne ([2]) npennojiaraeT, 
hto r 3aBHCHT ot tt, b to BpeMH KaK BbicKa3biBaHHe (jlj) npennojiaraeT, hto T ohho h to ace 
fljia Bcex a. 

TeM He MeHee n opnrnHajibHoe npicaTejiBCTBo XnHnnHa, n npicasaTejibCTBo, H3 KHnrn Kaccejica 
hbjihiotch BepHtiMH. TaKHM o6pa30M 0Ka3biBaeTC2, hto b paccMaTpHBaeMoft 3fleci> 3an,aHe ([3]) 

H (Jl]) SKBHBajieHTHBI, H KBaHTOpbl nepecTaBHTt MOHCHO. 

OGbHCHeHne 3Toro b cjienyromeM. B hbhom BHne mohcho nocTponTB cpyHKirnio g : R + — > R + 
n b 6ojiee-MeHee hbhom Bn/je mojkho yxa3aTB no MaTpnue G BeKTop r] @ = (rjf , f)®) G M. n 

TaKOH HTO eCJIH paCCMOTpeTB BejIHHHHy 

A = liminf ( max I |L,-(x) — rif 1 1 I (maxlxjl) 

xeZ m , |x|-H-oo \l<j<n J 3 J \ i J 

n OKanceTCH, hto A < +oo, to ^jih jiio6oro BeKTopa a = (ai, a n ) G W 1 6y^;eT BBinojmeHO 

liminf ( max ||L,-(x) — a,- II I (maxIxJ ) < g(A). 
z-, |xK+oo Vi<i<™ J V i 1 7 ~ yv ' 



3 HJIH MclTpimbI 



B nyHKTe 4 mm npHBe^eM TOHHyio cpopMyjinpoBKy 3Toro pe3yjiBTaTa. Ho /yis 3Toro hsm 
iioTpe6yeTC2 cKa3aTb HecKOJibKo cjiob o tom, k&k ctpohtch MHoxcecTBo flonycTHMbix BeKTopoB 
rj. 3to mbi c^ejiaeM b nyHKTe 3. 

2. PeryjiapHOCTb h cbohctbo He6bimeBa: Xhhhhh h flpHHK. 

fljis Toro, htoGbi npHBecTH b opnrnHajiBHOM BKpp pe3yjiBTaT 5IpHHKa H3 pa6oT jU [5] HaM 
noHa^o6HTca cpyHKirns: 

il)~' a (t) = mm max ||L 7 -(x) — <x»||, 

xeZ m \{0}:max|xi|<t l<j<n 

oupe^ejieHHbie ,h;jis: BenrecTBeHHoro BeKropa a = (ai, a n )- 

Bo Bcex TeopeMax Hii>Ke npe^nojiaraeTca hto <p(i) h p(t) nojio)KHTejiBHBie yGBiBaiouxne 
cpyHKirnn BemecTBeHHoro apryivreHTa, npnneM B3anMHO o6paHTBie. ^onojimrrejibHO npemiojiaraeTca, 
HTO (p(0) = p(0) = 0, HTO HeKOTOporO 7] > (pyHKHHSI <p(£) • t _r? B03pacTaeT b HHTepBajie 

t > H lirri^oo • t _,? = +00. KpoMe Toro, npemiojiaraeTCH hto BBinojiHeHO (p(att) > a v (p(t) 
fljia Bcex a > 1, i > 0. 

HpnHK jl] flOKa3aji cjie^ryroinne #Be TeopeMBi (Veta 5, 7 H3 

TeopeMa B. Ec/m 

lim sup ■ > a > 0, 

t— >oo 

mo 

liminf p(t) sup ^ e ' Q (t)<A 

t^oo a:0<a 3 <l 

a 3 ^ d fd\d\ 1/v \ 
A = -did max 1, — 

TeopeMa T. Ecau 

limsupy?(t) < oo, 

t— >oo 

mo naudemcfi eenmop a, manou umo 

liminfp(t)^ e ' a (t) > 0. 

t— >oo 

Ecjih nojio>KHTB <p(£) = 7^m to p(t) — (t/j) ^ , 7 > 0, to nponcxomrr cjieflyioinee . 

1. H3 TeopeMBi B nojrynaeM, hto ea/m Mampuya *Q pezyjiRpna, mo Mampuya B ydoejiemeopnem 
eucK03ueaHUK) 0. 

2. H3 TeopeMBi T nojrynaeM, hto ecAU Mampuya *0 cumyARpna, mo Mampuya ne 
ydoeAemeopnem eucK03ueaHuto Op. 

HTaK 5IpHHK b [4] ^;oKa3aji hto perynspHocTB MaTpnnBi *0 sKBHBajieHTHa BBicKa3BiBaHnio 
(jlj) fljiH MaTpnn;Bi G. B nyHKTe 6.2 Haniefi o63opHon pa6oTBi [11] yTBepjK^aeTcs Heuro flpyroe 

- TO HTO 5IpHHK flpKdSdJl HTO peryjIHpHOCTB MaTpHHBI 'O SKBHBajieHTHa TOMy, HTO O eCTB 

MaTpnna He6BinieBa, to ecTB y^oBjieTBopaeT ([3]). 

nOCJie^Hee, KOHeHHO, B KaKOM-TO CMBICJie BepHO, H60 (E} H (jl]) ^eHCTBHTejIBHO SKBHBajieHTHBI . 

Ho hh y XnHHHHa, hh y HpHHKa, hh y Kaccejica mbi He HaniJin b sbhom BH,n;e yTBepjK^eHHH o 

TOM, HTO 02]) H (HJ) SKBHBajieHTHBI. 

yTBepjK^eHne o tom, hto MaTpnn;a cnHryjiapHa Tor^a n tojibko Tor^a, Kor^a cnHryjiapHa 
MaTpnn;a *Q b hbhom Bn^e b paGoTax HpHHKa jU [5] ne codepotcumcH. 3to yTBepac^eHne 



cocTaBjiaeT ochobhoh pe3ynBTaT pa6oTBi XHHHHHa [7] 1948 ro^a. O^Haxo oho cpa3y cjie^yeT 
H3 o6ineH TeopeMBi Majiepa0 (Satz 1 H3 paGoTBi [TU] 1939 ro^a). 

3. HaHJiyniiiHe npii6jiH>KeHH5i h MHexscecTBO Ae- 

^jis TpaHcnoHHpoBaHHoli MaTpninsi *0 paccMOTpHM ( KOHe HHy ro hjih GecKOHeHHyio) nocjie^o- 
BaTejibHOCTB BeKTopoB HaHjiyniuHX npn6jiH>KeHHH 

Yv = (Vu,l, -,yu,n), v = 1, 2, 3, ... (5) 

(no noBO,n;y onpe^ejieHHH HaHjiyniuHX npHGjiHJKeHHH h hx npocTeHHiHX cbohctb mbi couuieMca 
Ha Hamy o63opHyio pa6oTy [11]). EcTecTBeHHo, Han6ojiee HHTepeceH h BaaceH cnynaH, xor^a 
nocjie^oBaTejiBHocTB (|5]) GecKOHenna. 

IIo aHajiornn c |11] mbi GyneM HcnojiB30BaTB o6o3HaneHHH 

Y u = max | y u j | , ( u = max 1 1 % (y„) \ \ . 

l<j<n l<i<m 

H3 TeopeMBi MnHKOBCKoro o BBinyKjioM Tejie cpa3y cjie^yeT, hto 

(Xi < 1- (6) 

Onpe^ejiHM MHoacecTBO 

■A/e = {V = (Vu —,Vn) G M n : inf \\r} 1 x 1/1 + ... + r] n x v , n \\ > 0} 

C O^HOH CTOpOHBI, 3TO MHOJKeCTBO ^OCTaTOHHO MajI6HBK06 . EcjIH nOCJie^OBaTejIBHOCTB ([5]) 

6ecKOHeHHa, to Mepa JIe6era MHoxcecTBa Ae paHa Hyjuo. C ^pyrofl ctopohbi sto MHoacecTBo 
He oneHB MajieHBKoe - oho He nycTo, h, Gojiee Toro, pa3MepHocTB Xayc^opcpa MHoacecTBa 
Ae paBHa pa3MepHocTH Bcero npocTpaHCTBa R n , to ecTB n. Mojkho cxa3aTB eure GojiBHie, 

flJlH npOH3BOJIBHOH MaTpHHBI B MHOJKeCTBO M HBJIHeTCH 1/2-BBIHrpBimHBIM B CMBICJie B.M. 

IIlMH^Tal^, hto ecTB Gojiee cnjiBHoe cbohctbo, neM oGjiaflaHHe nojiHoft pa3MepHocTBio Xayc^opcpa. 

4. HoBaa cpopMyjinpoBKa. 

IIOJIOJKHM 

K = ^-y=yol d _ 1 ,{z = (z 1 ,...,z d )e[-l,l] d : z x + ... + z d = 0}, -±=<K<^, (7) 
R m , n = maxr"(l - r) m = r£(l - r ) m > ^, < r < 1 (8) 

h onpe^ejiHM 

d d (m m n n ) d( - d -V 
m ' n{£) ~ {e d KR ) d ^) ■ 
TeopeMa 1. PaccMompuM Mampuuy u coomeemcmeymwee eu MHOotcecmeo Ae- Hycmt 



r\ = (771, r/ n ) G Ae, u eo3bMe.j^ ma%oe noAootcumeAbHoe e, umo 

inf \\qxXv i + ... + rj n x v _ n \ \ > e. 



7 KaK sto h OTMenaeTCH b rjiaBe V, §2 khhth [2] 

8 O BbiHrpBiniHbix MHOJKecTBax HMeeTCH MHoro jiHTepaTypti; cm. opHrHHajitnyio pa6oTy B.M. HlMHjrra [?] 
h ero Krary |16] ; HexoTopbie HG^aBHiie CTaTbii o cbohctbc BbiHprtiiHHOCTH npoHHTHpoBaHHti b h |12| 

9 Cym,ecTByeT nojicoKiiTejibHaa nocTOHHHaH e mj „, Taxaa hto rjisl jho6oh MaTpni^bi Q HaiifleTCH 77 G A/"e c 

£ > £m,n (CM JleMMy 2 H3 TJiaBH V B [2J) . 3tO CBH3aHO C TeM, HTO flJIH JII060H MaTpHD;bI nOCJie^OBaTejIBHOCTB 

HanjiyninHx npii6jimKGHiiH b cpe,n,HeM pacTeT jiaKyHapHbiM o6pa30M (cm., HanpiiMep, [T|I12|). JlyHinyro ou;eHKy 
CHH3y Ha e TOi n mo>kho nojiyHHTb c noMombio MeTOfla Ilcpcca-nijiara (cm. opnrHHajiBHyio pa6oTy |13| hjih 
pa6oTy |14|). 



m 

max I x; ' 



PaccMompuM ee/iuHuny 

A = A(Q,ri) = liminf ( max ||L,-(x) — m\\ 1 ( 

xeZ"\ |x|^+oo \l<j<n J J J \ 

Tozda djisi ak>6o2o eenmopa a = (a\, ...,a n ) G M. n eunoAHeno Hepaeencmeo 

liminf ( max ||L,-(x) — at,- II I ( max IxA I < G m „(e)A d ^ 1 \ 

xeZ™,|xh+co JK ' Jll J \l<i<m l *' J ~ m,WW 

B KanecTBe cjic^ctbhs 113 TeopeMbi 1 cpa3y nojiynaeTca 

TeopeMa 2. JJaji Mampuvfii eunoAHeno eucK03ueaHue ^j) mosda u moAbKO mosda, nosda 
d/m nee eunoAHeno eucK03ueaHue (fjp. 

5. CxeMa ,o,OKa3aTejii>CTBa TeopeMbi 1. 

Mm 6yn;eM cjie^oBaTb KjiaccunecKOMy ,n;oKa3aTejibCTBy XnHinHa [U [2] BepeM 5 > A. H3 

TOJK^eCTBa 

n m 

7713/1 + ... + 77^ = ■ - Irj(x)) + J]] Xi ' ^'(^ 

j=l i=l 

npn y = y v nanyiaeM, hto 

e < nY v max ||L,-(x) —r}j\ \ + m( u X. (9) 

l<j<n 

,U,aBaiiTe b ,n;ajibHeiimeM (fljia onpe^ejieHHocTn) paccMaTpnaTB tojibko cjrynaft, Kor^a nocjie^oBa- 
TejibHocTb (jSJ) 6ecKOHe , iHa. BbiGepeM Tor^a z/ H3 ycjioBna 

me 

-f<0 — > 

a r onpe^ejieHo b (jSJ). Ecjih mh Tenept npe^nojiaraeM, hto 



max ||L.-(x) — 77,- II < ( 

l<J<n J J \ 



1 

5 ' 



X 



in 



to H3 HepaBeHCTBa ([9]) h cooTHonieHna ([6]) nojiynaeM 

(Xi > w, (10) 

r^e 

_ e d r%(l - r ) m (u) 
m m n n 8 ' 1 1 

3to 03HaHaeT, hto b (m + n)-MepHOM napajuiejieniine^e 

n = {z = (xi, ...,x m , y x , .., y n ) e M d : max \y 5 \ < Y v+1 , max |*Li(y) - Xi| < £„} 



HeT HeHy^eBbix n,ejit>ix Tonex. CorjiacHo npnHirnny nepeHoc8L_| b napajuiejiennne^e 

*n = {z = (xi, ...,x m ,yi, ..,y n ) G R d : max \xi\ < A, max |Li(x) - yj\ < B}, 

l<i<m 

r^e 

A = KY u n +1 C-\ B = KY u n ~ 1 1 C, (12) 

a K orrpe,n;ejieHo b (J7|), Toace HeT HepHBnajiBHBix ijejisx Tonex. /Lth <i-MepHoro oGteMa 3Toro 
napajuiejiennne^a HMeeT MecTo paBeHCTBo 



vol ft = 2 d A n B n = {2K) d {CY u n +l ) d - 1 > (2K) d u 



d, .d-1 



PaccMOTpHM nocjie^oBaTejiBHBie MHHHMyMBi Ai,...,Ad napajuiejiennne^a il no oTHonieHnio k 
uejioincejiHHOH penieTKe Z d . 5iCHO, hto Xd-i > ••• > Ai > 1. HcnojiB3ya TeoepMy MnHKOBCKoro, 

BHflHM, UTO 

2 d 1 
Aw < : — < 



Tax Kax b napajuiejiennne^e A Jl HMeeTCH d He3aBHCHMbix ijejibix Tonex, to napajuiejiennnej*"'! 

u * = lK^- tlDdXd - tl 

co^;ep>KHT cpyH^aMeHTajiBHyio o6jiacTB no OTHonieHnio k penieTKe Z d . 3HannT fljia jnoGoro 
BeKTopa ( 6 K 1 * TpaHcnHnnsi II* + £ co^;ep>KHT HeKOTopyio rjejiyio Tonxy. B nacTHocra, fljia 
jno6oro a = (a\, a n ) G W 1 Han^eTCH rjejiaa Tonxa x G Z m , Taxaa uto 



max \xt\ < — ; , , • A, max ||L,-(x) — a,- II < — ; , . ■ B. 

Ki<m l 1 - K d bJ d - X KKn' 1 JV ' J " _ K d UJ d - X 



TaKHM o6pa3QM, c yneTOM ( I6"fll|ll2p nojiynaeM 



n / \m id 



max ||L,-(x) — a,-|| ] I max \xA ) < — ^—373 ,, A n B r ' 

i<j<n u n ' 3U J \i<i<m l 7 - K d Lo d( - d -V 

r\ d rl d 

C/myn \o!-l / " _ ^ rc(((i-l) 



IlocKOJiBKy 5 > A mojkho BBi6npaTB ckojib yro^Ho 6jih3khm k A, TeopeMa 1 ,noKa3aHa. 
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